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Foto manure! 
2 
Presentation outline 
3 
PROBLEM STATEMENT 
 
Global use of chemical fertilizers 
5 
Sutton et al. (2013) Demand ↑ ⟹ Energy use ↑ ⟹ Costs ↑ 
Energy use  
and costs for chemical fertilizers 
6 
Haber Bosch process 
 Mining 
Increasing demand  
vs. threatening depletion 
7 
Cordell et al. (2011)    Natural resources ↓ ⟹ Quality ↓ 
On the other hand:  
nutrient excesses in the environment 
8 
Sutton et al. (2013) 
Environmental concerns 
9 
A paradox exists… 
10 
Nutrient excesses à Environment  
(sewage, animal manure, digestate,  
waste water, ashes, etc) 
                                                       
    Increasing demand for  
    chemical fertilizers 
             Environmental pollution                  Nutrient depletion (P, K) 
Price ↑, quality ↓ 
                                                        
Stringent fertilization & discharge levels 
=> processing of waste is required
Need for sustainable  
resource management ! 
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OBJECTIVES 
Overall objectives 
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Specific objectives 
1.  Recovery of nutrients from bio-digestion 
waste as renewable fertilizers 
2.  Evaluation of the impact on biomass yield 
and soil quality 
3.  Economic and ecological analysis 
14 
METHODS 
16 
Three year field experiment 
Eight fertilization scenarios 
§  Dosage of effective N and K2O based on fertilizer analysis and soil advice 
(135/150 kg effective N/ha, 80 kg P2O5/ha, 180/250 kg K2O/ha) 
17 
Less animal manure + Liquid fraction digestate (P-poor, N-rich fertilizer) 
+ or - chemical fertilizer → Air scrubber water 
Eight fertilization scenarios 
§  Dosage of effective N and K2O based on fertilizer analysis and soil advice 
(135/150 kg effective N/ha, 80 kg P2O5/ha, 180/250 kg K2O/ha) 
18 
Reference: Manure + chemical fertilizer 
 
Chemical fertilizer → Air scrubber water (ammonium sulfate) 
 
Animal manure → Digestate  
 + or - chemical fertilizer → Air scrubber water 
Less animal manure + Liquid fraction digestate (P-poor, N-rich fertilizer) 
+ or - chemical fertilizer → Air scrubber water 
Four replications (n = 4) 
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Fertilizer application 
20 
Computer-controlled injection (Boco-trance) 
Sampling of plant and soil 
21 
2011, 2012: Apr (soil), Jul, Sept, Oct (harvest), Nov 
Physicochemical analysis 
22 
PLANT 
§  Yield 
§  Fresh & dry weight, N, P, K, 
Ca, Mg, Na, S, metals 
§  Biogas potential  
(biogas BMP test 37 ºC) 
SOIL 
§  0-30 cm:  
dry weight, pH-H2O, pH-KCl, 
EC, TKN, NO3, NH4, P, K, 
Ca, Mg, Na, S, metals, Cl-, 
extractable nutrients 
§  30-60 cm, 60-90 cm:  
dry weight, NO3 
 
RESULTS 
Visual results 
24 
Simultaneous growth and crop formation 
Fresh weight biomass yield 
25 
•  No significant differences with the reference è We can replace! 
•  Sc 7 (use of LF digestate) always relatively high biomass yield 
2012 
Suitable for biogas 
production  
Biogas potential of harvested crops 
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2011: 
Dry Weight (DW) = 28 ±1 % 
2012: 
Dry Weight (DW) = 29 ±1 % 
 
Biogas potential of harvested crops 
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2011: 
Dry Weight (DW) = 28 ±1 % 
2012: 
Dry Weight (DW) = 29 ±1 % 
 
•  307±13 m3 CH4 t-1 DW 
•  Sc 4-7: energetic 
potential per ha ↑ 
Modelling soil-N dynamics (NDICEA) 
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Substitution chemical N fertilizer → air scrubber water   
⇒ N-leaching ↓ 
Calculated nutrient balances 
29 
Sc 1→3: substitution chemical N by air scrubber water ↑ 
=> N-leaching ↓, P2O5 extraction ↑, chemical K2O requirements ↓ 
 	  
Scenario 1 
(Reference)	  
Scenario 2 
(50%	  N	  replaced)	  
Scenario 3 
(100%	  N	  replaced)	  
 	   N	   P2O5	   K2O	   N	   P2O5	   K2O	   N	   P2O5	   K2O	  
Manure application	   186	   76	   216	   186	   76	   216	   186	   76	   216	  
Deposition	   30	   3	   8	   30	   3	   8	   30	   3	   8	  
Total application	   216	   79	   224	   216	   79	   224	   216	   79	   224	  
Removal with products	   228	   77	   301	   240	   76	   292	   251	   82	   271	  
Calculated surplus	   -12	   1	   -77	   -24	   2	   -69	   -36	   -4	   -48	  
Volatilization	   15	    	   16	    	   17	    	  
Leaching	   24	    	   18	    	    	   2	    	    	  
Soil quality 
§  No impact on soil NO3-residue, Conductivity, pH, 
sodium  adsorption ratio, S-content and heavy metals   
§  Significantly more organic carbon in scenarios 4-8 
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Economic and ecological evaluation 
31 
Economic benefits 
(euro ha-1) 
Greenhouse gas emission 
(kg CO2 eq. ha-1) 
Sc 8: Use of liquid fraction of digestate and  
complete elimination of chemical fertilizers 
General conclusions 
and perspectives 
Conclusions 
§  Recycling of nutrients from bio-digestion 
waste derivatives in agriculture can: 
 
§   create sustainable substitutes for chemical 
 fertilizers with high nutrient use efficiencies 
 (no reduction in crop yield!) 
§   reduce NO3-leaching  
 and increase soil P2O5 recovery  
§   result in economic and ecological benefits  
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Research perspectives 
§  Validation of results on the longer term, for different 
soil types and for other products  
§  Development of a generic  
   model library for nutrient  
   recovery with focus on the  
   sustainable production of 
   marketable fertilizers  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Research perspectives 
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36 
K N P
  
Research perspectives 
37 
K N P
  
Research perspectives 
38 
K N P
  
WRRF 
Research perspectives 
39 
K N  P
  
WRRF 
Acknowledgements  
40 
